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The problem nf turbulent diftusion
in simple shear flows has been studied by sever-
al authors including Tyldes'ey ani Wallinatan
narhy and fiee and Pagres (1963). As a plume of
pollutant or tracer ma*er:al espands verticdlly
it epcoynters air moving at a different byll
velocity wnd dlsn may encnunter different <rales
or 1ntensities of turbulence. ke domain of
valley drainage oind i an extensinp of the
ctlansical case in which the mean wind and turbu-
Teace fields are qeaerally more complicatml with
A low=level macimue and vary with tme and po-
witim o in the valley, The rontimment nt the
valley wally g an gt iomal sl gt ing
factor 2o plyge hphavyye,

oo ths paper wee report o the
resdlte ot severgl tracer osp aeeets copd et
v three valleye of Jrfierimg otey tyre figeing
righttime dramaoge wind oamda e, Theepe
wperirenty woe deigqaet o oegrent the ef.
fortave crdanspart vl wity between peanty gl
the drafnage winl  path  ani  the  plpea’.
elonatior dgeing the trgng? amge,

he  witpn g tagetp g Phpe s
chalven e
o TN Sy, 1 ,any A . R ']'-'-. a na Ny
ol Tot et an cgn, v,

aneen Lon [RYTL} Jul luly LN n- a
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relatv-oly sl ane sheed gt
o fivantes  Lanan e b L Coanyeny o] ne
alr L e

e gqengeal charatersstpey ot speh ' g
Mmiven an table 1, Spa oo does el et et gl
el e o e pteone, of m-h ate anfl Yhe
e, gn "ghln b ogre piyen tor goness sl o
vl e, P Bibanna!l tep geaphtcal gnt gegt 1on
ta by el gt will myen wher e e,
sy e the by gragon ot the pegglts pelay,
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e st ial wan veloane . mean
Mol Tesel an the crnfer aof paeh vatiloy 1n o8
wel! el inhe! nutyomal batnage wing el
The ro ity Lracem prde W e led
wquent 1ally at 1 T eom, i galy gt downwin |
L ab o, Togeer s gue! were Thpwesoent pat
' h,"'. (', S ened a hevy Fuet hane
Wy, The svquent 1al saep g W
Acomplinhe U oweth o antorod sl o e IR
v, ot hag syple tr the  gane we

tracors, Thrve oxperiments were conducrel in
LA, four in AV, and one in 4R, The dates of
each experiment , the tracer uned, and its mlpase
daty are qiven in Talle P, A1l bracer releases
wore rade in a well estahlishei awetyrnal iraine
are wind,

The ar-isal time of the tracer mater-
fal at the sampling <ites is g =oasure of the er-
fectve transpart wveloritv tn that site and i«
vompared mm pach case to that estivated from gye-
face 1 1.0 m ahove qrannd) wind megsyrm mont s dye-
fnqg the evporimnt, [re 1h gth of the nly=e
Aetorined from the sequentigl -amples s compar-
el ta the duration of the relegns ta avestigate
Lateral plyme detormation,  In provade an oh o=
Pive andysis the pigae gere ol timg an! plyae
wilth are in a1l cases cal-gtated gt 1ot of the
peab valt e s the plygme,
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valges to ¥ e fet an "abhte Y e thee mean
win ! wpomly foor the time of aplegne o the plygee
Avrnal oat the welan . “he g cement bt wopn &
ANV 0t sy vy gund, AR hen It g Vg e,
Ly " hm dovy the  (amy m o heavim LY
el rean o wint ogpee gt gbagt oa halt e one
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3.2 Anderson Creek Valley (k.\)

Four FI' releases were made near the
top of Anderson creek in ACY on four separate
rights in vuly 1979 (ser Tables 1 and ?) as part
of a complex terrain study sponsored by the
1}, S. Department of Lnerqy’ s Atmospheric Studie:
in Complex Tervain 7ASCAT) progeam (Dickersor
and Sudiksen, 19.7%). Sequential samples wn-~e
taken at 10 to 15 my.*r intervals at locatine:
2.5, 4.9, aad 6.4 ¥m dnwnvalley with rotor.!
samplers. The charact'ristics of AVC yiven in
Tahie 1 refer mortly ty the first 3 km from the
rvelease pnint. Aftor that dJdictance Anderson
Creck opens o4t into a broa-lder basin where it is
Joined by several! other small drainane features
which then Logether make up the drainange flow in
AV tu the sarpling statinns at 4.9 and 6.4 km,
upnco, the upper portion of ALY is a fairly well
confined dratnage reqgion while the lower portion
s =uch more (orplica.ed.  Tur details of the
¢ spoeraphy see DNickerson and Gudikseon (19809 b)),

the resilts of our ! e tracer oev-
Vrermaets e the poctyrnal dvatnane flow ot ALY
smy aF o4 ovm Tage, Do, The Juration of the
o tor e e g h Lase is o shown by o harpontal
taer e e gpner feft-han| aorner of pach
el paweeirenty (-3 show sirmlar behavior
e 9 e at pach samnling lecation, hampl-
1V Wan st e v Eotare complete plume passange in
the frest paperiment fhag, 70 and, hemoe, some
data was e * ohtainef. 17 the last MY e f-
ment fEig, WY the plume behoysd potty well an
1t past the 20 b sypler, bt Lok and
variable winls turther down in the valley oagned
vory orra' i holygyiw gt the 5,0 gnf 6,4 In

oLy gry nt The pt e Py tegangpun!
et o et T ey et petar e wing Y
ant Sk ol gt an Gt gt parh Lite e s h
S8 the &7 paquer et s Qiyen ' "abhlp A, The
mgay ] g efae wind vep teed gn thrs table was,
tomggtaf Gpem o gind gty calloe bt Y0 m ghoye
qrwn! newn the 20 gnd A0 be Gaepling
a1, Farh valys ropresents an geerage of
the win! spomts At each stat ten werghtel by the
time the plire wan rewent an that freld as
deteraineas by 1ty prereal time gt e h o gaepler,
Loeven s trendn tn the ddata of Table 3 chould be
pninted met

Pt Veet! trom thwe aelegse poant
to it the losed (050 ImY sl tarthest (60 4
bl arploen e tanly umtinm averaqing 1,00 e
Nytmow tor the might values,  The masgred man
speedn te Phese twn Atatns are all (et
AV wlaghtly haghme than ¥ oft with 4 meean
il feramee onf N0 moy, Thiy, toged pantly hype
worognted e o the tocatton of the 1nstrgment .,
st egbe the compytat inny,, Banteally then
far W tLGogand 44 b sampless the mean s tare
wind tn the yvallny center olight ly oyem estrd
mate. the plhime aretval i gt 1l e twn
ntgltene.,

A mystery 0wy In the ¥ nt! data
far the mbl e sampler (4,9 Y 0 the tht
thiee MY oepeet oy bach ot these e §
ment . give S My tar A 't the A I

sanpler 'vhich is &0% higher than V-eff to the
samplers on cither side of it. In ACV-1 and
ACV-3 the measuved wind speed approach tni; value
for that sampler. intil further andiysia on
additional wind data can be made this will junt
have to remain a curioriiy and fuel tor
speculadion,

The elongation fa tors determiped at
the 2.5 ¥m sampler wore rconstant. for the {irs'
three experiment el only 40% hinver tor the
last one {ses Tahle 4), At the nther samplor,
1.9 ard 0.4 km) the elonqation factors varie
conyiderably probahly reflect ing the mare comp!i
cated noture o1 the valley in the dreas they were
lorated,

1.4 firants Panin (Gl)

“niy one tracer evperirent has be o
perfarmed 1 the Grants Basin area at this wril -
fng.  The Lrants Rasin cea really rconsisty, ol
twn alr shode which converge an{ empty  intn a
much broader lasin ta the sogth,  Tar qpm it n
terrain details woe Sodaylon et gY, 102G (0kn),
My oxperiments consisted of eeleasing '8y, in
the rare noethe sly air shed JAmhaeasiny [ab et ot o
peint A% ke feom the point of ennyerqence ot the
twa a1y sheds,  ne sampler was Iorated gt the
ronyerqence podnt and  another 7,0 bmogth of
that paint in *he broader open bauin, Hon
samplore wore Tacated o0 A0 ond 1Y ba tpaee Yhe
roelease potnt 2o the path o he oo e !
draing o air low,

Frguen o qhow. "he ponsageqe o e,
playme ot hoth wtationg dprang the pevy o attem
the relogne Thee plame appoars ta hose mntan
ety gqeneral chararter an it panand L
Watwen, Tahde Woglyes the trgpgper? - hgp ot
int b at oarh sampling <P ian v thie spee
ent . Aqain the masyemd sovtape win! oy bt
At eftetaye tranepet celaaly apree gquite
vall,  The peg o ol wppbee winl Tty the A0 s
carplor was enmpgted g, i the other saguo reent s,
from a wind anctogrent lorg* ol betwesn 1t gn, the
1eleane point . The maspgrved wind oo the 15,% b
statton was vl by averaeing the “wan ap e
wind speeds from theee st oewnt s Tooagted gl oy
Phee plume path wer atoad by the tane the plypene wae
merent n the representative wind el e
et wrminesd by plyme arvaval e gt the saeepler e,
The .0 wind statvons wore lid atod poay the yelogne
poant . the 405 ke ogeplee, ang he YL e
warpler,

thee mawrnaty of the plyme planga® e
I hys e et ety hgee el e thae
foeet A0 5m g there 1 oaly o PR e e e
gl o Wit g the et 200 bl e gent

1, RRIL LHTIA I VR R LR R ILN I LTLR

Wy thiee atmesphior e s we
bave  fove? ogated 1 ottt ipe Dransgua® el
ety el plipses elopgd? ton prodgesd By o e !
degingge wind n theee A 0 0erent vilieye,  traoem
wan ieleaaed o oech o valley an g oweld detane?
drateege wind tield gl semn g ratly gamelog gt
downyal lay  Lacat ten, The et ! ye Lrans pur?
vl ity 1V o0 wan detmmined o The elypoe !



time from che start of the release to the time
when the plume concentratinn reahed 10Y of {ts
peak value and thm Jdistance from the re.case
usi.c. The pluae elongation factor was determin-
ed from the ratin of the width (time) of the
plime at 10% of its peal value 1n the duration
o the release. This methuod was chosen as an
obhjective analysis scheme, Mean measured winds
(V) w re corpuled from Lurface wind instruments
along the drains = flow path with values weight -
ed by the ostinuted time the plume was 1n the
wind field best reprosentod y g measurement .
The values used were fron the «tart of releas ¢
tn the time of arrival at the sampler n ques-
tion. V Is compared to V-eff to see how roason-
able an estimate of plune transport in valleys
ran he marie trom g few surface reatareents an
the valley.

Takle o qummaryres the mean tran.-
port characteristics tor evach study cfte, RV
and G2 have heen broben down by the variogs
transp ot chistances stydied, Deta fror AV-1 at
vad b and traa RAV-A gt 4.0 and KAl owere !
considered reliahlie enoath ta degw derrmtive
rone lusdone faee Fias, P oand LY,

nothe 1A sevies of evperiments gnd
the v sperisent we taund the mean sarface wind
Yota e g fairty good aalicatar ot Yaed
Hogeonabl o apoeement wany fand ot AV L anld
Avac, whi'n ¥V oat AMY-u wie o the geerg e bt
hugher than Y-offortive,  he MY oite 1 hy Lo
the rmre corptaegted tevrgin andy hermoe, thowe
Jrffererces are ' ogneosue teed,
[t owe ol 0 gn) A% ¢ e
the a'a set tor oaegs e statest el | then
Vet parepe free Tt Pt omon o gt ot
T MY, e wath g owan af 14 0 mo,
theael ney we rqan sy that mn theee thepee
valloy ot quirte dittment hyt gell LTI
ttrp b Tnen Sghla TP theee o, gt L " e
vange o hgima e (low velie e,

In the &Y wpvey ol oo imeetd s,
fheve we o8 Threes cane, whoo e Y ol was e b
At the 1,90 bn cgmp oo than at the ones, on et
e ot ot gt S ant By el i ther anves!
b e ot the g teplegn o e ally, v
shear fata, wrll haye o e ddone befoae wie - an
A beept taogn fer st an ! thes apparent mgsto

Thee  pwan ] elanegg? v an [T BTN
yamte g frene gy v gh oot e gt e, bR oyt g
T 1" ot 00 b ALY ke rean el ety
o Tahle o s g Wl vt e, Wl e
thie elampat e 0 o e by hene LN I T
Detame vperes Do, and g qadg? by g v
tealbynt e galye to caapagan, Ther o ly 1! e
crepancy 0 the plbanea? van sdata 1 an the b
pev st whie e The plgme eslomgated Py g taten
ot 0 o the e ALY b oana oy el mme
1 Yhee nea? Lt b ool gt Pl plon st ton
woonteately et b e sheay sty b g,
Dttt caple e by "y ety an!
wallysptan "0 gl e gn € My e e 1Y W
cannal e b teoaelate g s G e mee g enent s,
tor the elongat fon et b, In .t v mae g,
oty b haye Uo Y legened glog? s Plowe In
salleys amd he ottt ot the «anepy hoetare the

lateral plume elonnation protles ir valleys will
he well tractable. Here we have observed some
rlongation factors that oane =minht expect in
simila» vallevs under similar conditinnsg.

The simple tracer teocknique used in
our s udies has proven ta be a quod ore in
wenmplishing our stated ohjective of 1nvest jgat -
ing effective transport velocity amd plume
onlongat ion in nocturnal valley dratnaae winds.
This type of data should be collerted in any ser-
ious study of valley draindage flow as {1t is
simple to porform and provides important informa-
tion, prohably mare <9 than we have uleennd ot
of wn data in this shart maper,
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I netronment gl Resea-th,

[ il RN

Pychyloty, Jdo, % Bare, W.e | tloments, T,
Heaylon, and S0 v Wilsop, 02, i
dtimapherts teacer mporimenis an complo
tereiin gt LA cerperimental  fesign and
Aata, ‘oo Alamer Swfemioafae Laboratory
'|'|I|Il t ", } & 1M . \u! . : . | e, l'l‘.ll"l.l'.‘
'lul

'R P U S . - I T L L TN T | . MY . .'.|=l|.u_=|h||| i
Poamnp ot amd et at g site deeng e
by comples torrgin, i preprant oyl e oot

Thp "W b Sympoaage o S LT
| TUACURSHLEE I RFTE DR TR T AL R o LY Y R LA B
LIS IET SN LU TTE I | L . A, Mitpoaal,
La, LTI an L

LI FILE ST U L T LI IO LA ¥ I tynen, Tty

A ' Fo 1970 pyevpress, nppent . Lawron n
Pavermoe falsn g ay Sepat Nt LT

Re ' v 1, bawmeennge, o5,

St b MO gt i g, Y T
Vepn e o et ateepher e e,
n oy 1o Sprr,,'n LR o g,

AML ARG e ] Y ant anfpen 0o Apph
catrans o Ane Palipg?rm Metan o a8
Mavih, Sew ™ deans, 1A,

ITER W% FITUVON RO M I T B T TS FTCTLTTE IORR LTI R
Wiluon, 1970 et amge iy Lpeng! 6 g e
Flow a0 the an Mat s gnd fetaagig [ aboe An
Che s o the pants b Lo Alge.
STRTRINIEN [ L IR ITLIRT Y by ? LN
PA st M e Algean W,

ety b, o, W, Ty Ciements " e, ant 0, A,
Ay h|||.-l.|. ML S b peng' ratngge wind
chp e terag o in 1y e ]t A

shefs, A AR 5 oot bl s owmfe o an

Apploycations o Ay Fa'lgtaon Mete welogy,

ST Mo, Yiew o leans, 1A,



fee, J. . and D x. Navies, 1494 Lonste o

harizontal dispersian from an irgtant anenans
qround source, N, . e Metearat, e,

8n, fap, "
Tyldesley, & B0 and o Yy wat gt ang Yaeds The
effect of wind shigr an.{ vt gt .
Arftusion an horigont. ] hispersion, 0,0,
. Metparnl, Sorc., 91, MM, .
» ) Yae LT e &
r A,
[LERIEN ' [ L .\ N '
* » 1 . -
rat o T . ' .
', . iy ' PO !
. . .
DU o ’ . N
. . " ' .
' ]
LA | '
. L
LI N B . T I T T PR Camtie
I'.I‘l ]
LI U N TR PO R A [ S I R TN '
Papor et Y [ | LETETUI TR IR I ..
[
T 1. o . t
1R B B | !In l"I .
1A 1. 1. L
.
LI



PRI POV

: . :
1 1]
. : .
. ' .
1 . . L]
. E ;
' '
i : w .
1
L ! I ¢ g i
= 1 o o ’ :
», ] -~ f 3
N .
{ H '
H | @ '
: ' -
] 1 '
| '
H H
9 ! .
» N . .
I. 1
1 1
] :
: * a [
. . . . a .
Al ANTEE RYAKY (8 KL EATL - UNML APTIE CTAE" rd BLLIAY v
[ I R T ||| Ia BT ELLL N I LN TN a Im Priaes . e |‘| i LR LR T TR TR BT
AL YL R U O A R LN IR vy et LICRILERL R b L TR L B oY NEYTIN [V TR T RO TR A VL S RETTEN T
wopugr gte PR g et e e L. wart, e Yot ogith b ety 0y,
v ranptpe o The sttt 0 o the Srgeer reledne mnt . The o Tagne oty ted
INTLRTE ‘_ - :III.I [T LIS ] R ETIIIE .l _|I LI B (T an ] :.l' ot I'I_ e .
P
i L I aes !. L A &t e E
— . ' . FE -t .
» . ] [}
' . ' .
' . ' .
] ' . '
v . H
: : :
1 ¢ . [}
¥ ' r ' '
" . " '
l- . |-
0 ' . " | .o i
I H : th H
l-l [l . n ] 1
™ H H H '
. ' ]
. ' ’ \ L a . . : . . ' i
1 ' . . ] Y n ' | .
3 , -.‘ . " N [ \
\ Ve !
i \ H | 'l ’ \ :
H A H ' H
' . H '
. . » 1 []
! : H ' '
[ ! ' [ [
Y
. [ . ' . ' 7 .. ' ' ' '
. ' . . : N .
WAL AT AT W YL AN b LN AR "TART W K[LTAT) .
by, 7, ooy |||||---|- retannbyation g, o4 tim Ty, 4. Tty ptpme o entegty e e g gy
P 0 bt three Jownsalley Licatione, an Tion ol taen 2 (hoee dwny ey Lo gty ap
ta. 0w KT Tt with by Lo oye, Oy qem Ay, grvee e Tahplod Wit b lamst g, e
the begrer celagnee poant The rologne startet the trem aeliope point, hye el DURTE PN
VO e Lt U et ey, L N L N L I TTLETIN



< F L B LU
LUNE L Lovas 2T e

-
e

[N PN EE—— T T T T

£
g .
: i
E 4
; ‘—ll
o R
I J
. N £y,
. \.l \['\,
. i N
.
‘- I ran
\r
Vi
. L[ 3
. 1 N .

TIME AJTTR STARTY ¢F RILEARL (by

Pag, S Traeer plase concentrat von e o tume -
tion of time at three downvalloy o atione n
NV cutves e Tahelod with pilometers tron
the tracer veloase mrint . The roleane tarted!
A MU T b Dyte ] 20 miagte,,

SF_ pr
U

WAL ATTIR LIART 08 RIDAST b

Fig, &, [racer plure concentrat ian g g o -
tion of time ot two Iocat oy alang the deging e
wind tlou, farves are L led with blageotope,
trave the release point s The relegae startef o
UL st et Tasted I mangt o,



